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(57) ABSTRACT

A pattern forming device uses a template having a plurality
of protrusions and recesses configured to imprint a reverse
image thereof on a resin on a substrate. The pattern forming
device has a holding part, a stage, a driving part, and a curing
part. The holding part includes a contact portion having a
friction reducing contact portion, which is configured to
engage against the template to hold the template. The stage
carries the substrate. The driving part is configured to move
at least one of the holding part and the stage to have the
pattern in contact with the resin. The curing part cures the
resin. The contact portion has a main body portion config-
ured to move forward/backward with respect to the template
and a tip portion arranged on the main body portion.
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1
PATTERN FORMING DEVICE AND
SEMICONDUCTOR DEVICE
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-043038,
filed Feb. 29, 2012; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a pat-
tern forming device and a semiconductor device manufac-
turing method.

BACKGROUND

In recent years, a fine pattern forming technology known
as the imprint method has been proposed. Using the imprint
method, a pattern is formed on a light-transmissive sub-
strate, such as fused silica or the like, using the electron
beam lithographic method or the like. To form a three
dimensional transfer pattern for imprinting on a transfer
material, an electron beam etches embossed shapes on the
surface of the fused silica or other substrate material sub-
strate to form an imprint template therefrom. The template
is then attached to the holding part of a pattern forming
device. The substrate is then positioned on a stage of the
pattern forming device to prepare for imprinting of a pattern
thereon.

Next, drops of photocuring resin or some other pattern
transfer substance are applied to the substrate, and the
template is then brought into contact with the substance
being imprinted. The substance being imprinted is held in
this state until it fills the pattern of the template as a result
of capillary action. Light is then irradiated from the back
surface of the template to cure the substance being
imprinted. The residual film of the substance being
imprinted, which forms the pattern, is removed so that
reverse of the embossed pattern on the template is imprinted
onto the substrate to form a imprinted pattern on the transfer
material, such as a photoresist, disposed on a surface of the
substrate.

In pattern creation on a substrate, such as a substrate used
in the fabrication of semiconductor devices, multiple layers
of patterns must be formed on the substrate, to serve as
masks for implanting and for the etching of patterns into the
substrate and film layers formed on the substrate. These
patterns must be aligned precisely, one over the other, to
successfully fabricate the semiconductor device. Therefore,
the pattern forming template must be precisely positioned on
the substrate, and during curing, the position of the template
must be properly maintained, in relation to the substrate, in
order to provide a high quality three dimensional embossed
pattern on the substrate. However, stresses in the substance
being imprinted may, during curing, cause the template to
move, which may cause defects, including position mis-
alignment, in the embossed pattern being formed. Addition-
ally, the template and members utilized to secure the tem-
plate may slip with respect to one another, which causes
particles to be generated which may fall onto the substrate
and cause defects in the embossed pattern.
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2
DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating an example of
the constitution of the pattern forming device according to a
first embodiment.

FIG. 2 is a schematic perspective view illustrating an
example of the holding part.

FIG. 3A and FIG. 3B are schematic diagrams illustrating
an example of the constitution of the contact portion.

FIG. 4A and FIG. 4B are schematic diagrams illustrating
another example (first example) of the contact portion.

FIG. 5A, FIG. 5B and FIG. 5C are schematic diagrams
illustrating another example (second example) of the contact
portion.

FIG. 6A and FIG. 6B are schematic diagrams illustrating
an example of the pattern forming device according to a
second embodiment.

FIG. 7A and FIG. 7B are schematic diagrams illustrating
an example of the holding part of the pattern forming device
according to a third embodiment.

FIG. 8A, FIG. 8B and FIG. 8C are schematic cross-
sectional views illustrating an example of the pattern form-
ing method according to a fourth embodiment.

FIG. 9A, FIG. 9B and FIG. 9C are schematic cross-
sectional views illustrating an example of the pattern form-
ing device according to a fourth embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, the present
invention will be explained with reference to these figures.

Here, the figures are schematic or conceptual figures. The
relative thickness and width of each part and the ratio of size
between different portions do not necessarily reflect the
actual scale of the embodiment. Even when the same portion
is represented in different figures, it may still be shown in
different dimensions and ratios.

Also, the same keys as those above are adopted through-
out the specification of the patent application and the various
figures, and they will not be explained repeatedly in detail.

According to the embodiment, there is provided a pattern
forming device and a semiconductor device manufacturing
method that can improve manufacturing yield.

The pattern forming device according to an embodiment
has a template including a substrate with side surfaces as
well as a pattern arranged on the substrate in the reverse of
the pattern of the protrusions and recesses to be formed in
the resin formed on the substrate.

The pattern forming device has a holding part, a stage, a
driving part, and a curing part.

The holding part includes a contact portion in contact with
the template which holds the template.

The stage carries the substrate.

The driving part causes at least one of the holding part and
the stage to move to have the pattern in contact with the
resin.

The curing part cures the resin.

The contact portion has a main body portion that can
move forward/backward with respect to the template, and a
tip portion arranged on the main body portion.

The tip portion has plural protrusions, which do not touch
each other but do come in contact with the side surface of the
substrate.

(Embodiment 1)

FIG. 1 is a schematic diagram illustrating one embodi-

ment of a pattern forming device 110.
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FIG. 2 is a schematic perspective view illustrating an
example of a holding part 10.

As shown in FIG. 1, pattern forming device 110 illustrated
by this embodiment is an imprint device that uses a template
100, which includes a pattern 102 having a plurality of
depressions and a plurality of protrusions, the shape of
which is then imprinted into a resin 210 on the substrate to
imprint thereon a reverse of the pattern of protrusions and
recesses on the template 100.imprinted

The template 100 adopted for use in the pattern forming
device 110 includes a body 101 having side surfaces 101s
and a pattern 102 arranged on a principal surface 101a of the
body 101. The template 100 is an original plate for forming
the pattern using the imprint method.

The pattern forming device 110 includes a holding part
10, a stage 20, a driving part 30, and a curing part 40. Also,
the pattern forming device 110 may have a control part 50.

Referring now to FIGS. 1 and 2, the holding part 10
contains a plurality of contact portions 11 in contact with the
template 100, which holds the template 100 during forma-
tion of the pattern on the transfer material in the substrate.
For example, as shown on FIG. 2, the plural contact portions
11 are arranged to hold the pattern forming device 110
around the periphery of the template 100. The contact
portions 11 contact the side surface 101s of the body 101.
Thus, the template 100 is held about the periphery of the
template 100 by the contact portions 11.

Alternatively or additionally, the holding part 10 may hold
the template 100 by, for example, suctioning the side of the
template 100 that is opposite to the pattern 102 of the body
101.

Referring again to FIG. 1, a stage 20 is positioned
opposite the template 100 where the substrate 200 is posi-
tioned for an imprint process. The resin 210, which is the
substance being imprinted, is coated on the substrate 200.
Also, a coating part 60, including nozzle N that dispenses the
resin 210 onto the substrate to receive the pattern thereon,
may be arranged in the pattern forming device 110.

The driving part 30 causes at least one of the holding part
10 and the stage 20 to move, so that the pattern 102 and the
resin 210 contact each other. A driving mechanism (not
shown in the figure) is part of at least one of the holding part
10 and the stage 20. The driving part 30 uses the driving
mechanism (not shown in the figure) that causes at least one
of'the holding part 10 and the stage 20 to move, changing the
distance between the two parts.

The function of the curing part 40 is to cure the resin 210.
When a photocuring resin is used as the resin 210, the curing
part 40 has a light source (not shown in the figure) that emits
light for curing the resin 210. Examples of light sources
include high-pressure mercury lamps and lasers. When a
thermal curing resin is adopted as the resin 210, the curing
part 40 has a heating source (not shown in the figure) that
generates heat for curing the resin 210.

The control part 50 controls the contact state between the
pattern 102 and the resin 210 by means of the driving part
30. A measuring device (not shown in the figure) measures
the distance between the template 100 and the substrate 200;
based on this measurement, the control part 50 controls the
driving mechanism of the driving part 30 to adjust the
distance between the template 100 and the substrate 200.

Also, the control part 50 controls the holding pressure of
the holding part 10 for stabilizing the template 100. For
example, the contact portion 11 is set so that it can move
forward/backward in a direction perpendicular to the side
surface 101s of the body 101. The control part 50 controls
the position of the contact portion 11, so that it adjusts where
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the contact portion 11 touches the side surface 101s, and also
adjusts the amount of pressure with which the contact
portion 11 will contact the side surface 101s. An actuator 12
associated with each of the contact portions 11 is utilized for
providing movement of the respective contact portions 11
relative to the side surface 101s. In one embodiment, the
actuator 12 is a piezoelectric actuator.

Also, the control part 50 controls curing of the resin 210
by the curing part 40. When a photocuring resin is used as
the resin 210, the control part 50 controls the light source
(not shown in the figure) of the curing part 40, which adjusts
the light irradiation time. When a thermocuring resin is used
as the resin 210, control part 50 controls the heating source
(not shown in the figure) of the curing part 40, which adjusts
the level of heat applied to the resin 210.

The control part 50 also may control forward/backward
movement of the nozzle N of the coating part 60 and the
quantity of the resin 210 applied by the nozzle N. Also, the
control part 50 may control the amount of suction, or the
like, that holds together the substrate 200 and the stage 20.

The following paragraphs explain various examples of the
holding part.

As shown in FIG. 2, the contact portion 11 of the holding
part 10 is arranged to face the side surface 101s of the body
101 of the template 100, for example. The rectangular
shaped body 101 has four side surfaces 101s. On each side
surface 101s, for example, plural contact portions 11 are
arranged. In the example shown in FIG. 2, four contact
portions 11 are arranged to face each side surface 101s. That
is, the template 100 is held by the contact portions 11 (a total
of 16 contact portions 11) facing the four side surfaces 101s,
respectively.

While holding the template 100, the holding part 10 uses
the contact portions 11 to press the side surfaces 101s of the
body 101 to adjust the pressure applied to side surfaces 101s
and/or the position of the contact portions with respect to the
side surfaces 101qa of the template 100. That is, by means of
the balance of the stresses applied from the contact portions
11 arranged on the periphery of the template 100 towards the
side surfaces 101s, the strain correction of the template 100
and the magnification (i.e., the contraction rate when the
pattern shape is imprinted) are adjusted.

FIG. 3A is an enlarged schematic plane view of one
contact portion 11. FIG. 3B is an enlarged schematic side
view of one contact portion 11.

The contact portion 11 has the following sub-portions:
main body portion 11A, which moves forward/backward
with respect to the template 100, and tip portion 11B
arranged on the main body portion 11A. For example, the
main body portion 11A contains an actuator (shown in FIG.
1). The tip portion 11B has plural contact surfaces CS
arranged separately from each other on the surface facing
and fitting the side surface 101s. That is, plural protrusions
CP are arranged on the tip portion 11B, and the tip surfaces
of the protrusions CP become the contact surfaces CS.

In the example shown in FIG. 3A, three protrusions CP
are arranged side by side with a prescribed spacing in the
longitudinal direction of the side surface 101s, and each
protrusion is separated from the adjacent protrusion by a
gap.

Preferably, the external dimension of the tip portion 11B,
as viewed in a normal direction L1 of the contact surface CS,
should be equal to the external dimension of the main body
portion 11A as viewed in the normal direction 1. That is,
it is preferable that the contact portion 11 be arranged with
the same external dimension from the main body portion
11A to the tip portion 11B, such that the wall of a tip portion
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protrusions CP adjacent an outer wall of the contact potion
are formed of a continuation of that wall, and no step of
other dimensional change is present. As a result, when the
contact portion 11 contacts the side surface 101s, the force
can be reliably transferred from the main body portion 11A
via the tip portion 11B to the side surface 101s without
inducing higher stresses where the protrusions CP of the
portion 11B blend into portion 11A.

Also, it is preferable that a thickness t1 of the tip portion
11B be substantially equal to a length t2 of the side surface
101s in the thickness direction. In one example, the thick-
ness t1 and length t2 may be about 6 mm, although thickness
t1 may be slightly less than 6 mm. As a result, the contact
portion 11 contacts the entirety of the side surface 101s in
the thickness direction, and the force can be transferred
reliably to the side surface 101s. However, on the transverse
direction, which is the direction perpendicular to the thick-
ness direction of the template body side surface 101, there
are alternating gaps between adjacent protrusions CP where
no contact is made between the contact portion 11 and the
side surface 101, enabling bending movement within the
protrusions CP to compensate for thermal or loading
moment on the interface with a lower likelihood of rubbing
contact which would generate unwanted particles. More-
over, by providing a n equal area of contact to either side of
the midpoint of the protrusions, the contact pressure will still
be uniformly applied to the side of the template 100,
whereas is a smaller single protrusion, having the same
contact area as multiple protrusions CP were employed,
there is a possibility that the template mat cock or twist as
the pressure is applied.

With respect to the pattern forming device 110 having the
contact portion 11, as the template 100 is held in the holding
part 10, the contact area of the contact portion 11 with the
side surface 101s becomes smaller, because of the gaps
between adjacent protrusions CP. As a result, it is possible to
alleviate the problem of foreign objects falling off when the
contact portion 11 touches the side surface 101s because the
contact area over which particles can be created by rubbing
contact is reduced.

That is, according to the present embodiment, plural
protrusions CP are arranged on the tip portion 11B of the
contact portion 11. As the contact surface CS of each of the
protrusions CP touches the side surface 101s, the contact
area of the contact portion 11 with the side surface 101s
becomes smaller than that when the main body portion 11A
of the contact portion 11 touches the side surface 101s as it
is.

Here, as the contact area of the contact portion 11 with the
side surface 101s becomes wider, due to contact between the
contact portion 11 and the side surface 101s, the probability
of foreign objects falling off becomes higher. Because the
substrate 200 and the resin 210 are arranged beneath the
template 100, there is a high probability that the fallen
foreign objects will adhere to the substrate 200 and the resin
210. If an imprint is carried out by the template 100 while
the foreign objects are adhered to the substrate 200 and resin
210, the foreign objects become sandwiched between the
template 100 and the substrate 200. This can damage the
template 100 and cause defective patterns to be imprinted to
the resin 210.

According to the present embodiment, as the contact area
of the contact portion 11 with the side surface 101s is
decreased, and the probability of foreign objects falling off
due to contact of the contact portion 11 with the side surface
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101s is reduced. As a result, it is possible to limit or
eliminate problems such as damage to the template 100 and
defective imprinted pattern.

On the other hand, it is believed that the contact area of
the contact portion 11 on the side surface 101s of the body
101 (such as point contact) is extremely small. If the contact
area of the point contact, or the like, is too small, when
pressure is applied from the contact portion 11 locally on the
side surface 101s, it may lead to defects in or damage to the
template 100.

According to the present embodiment, by means of face
contact for the contact portion 11 on the side surface 101s of
body 101, it is possible to disperse the pressure distribution,
while the contact area is smaller than that when the main
body portion 11A contacts the side surface 101s as it is.
Consequently, it is possible to realize both the following
effects: (1) reliable pressing of the template 100 by the
contact portion 11, and (2) reduction of foreign objects
falling off due to contact between the contact portion 11 and
the side surface 101s.

Due to effect (1), it is possible to appropriately correct for
the strain as well as the magnification for the template 100;
it is also possible to improve the mapping precision of the
pattern 102. On the other hand, due to effect (2), it is possible
to suppress the amount of foreign objects that fall on the
imprinted pattern, which in turn increases the yield in pattern
formation.

FIG. 4A and FIG. 4B are schematic diagrams illustrating
another example (the first example) of the contact portion.

FIG. 4A is an enlarged schematic plane view illustrating
one contact portion 11. FIG. 4B is an enlarged side view
illustrating one contact portion 11.

In the contact portion 11 shown in FIG. 4A and FIG. 4B,
the configuration of the protrusions CP on the tip portion
11B is different from that of the contact portion 11 shown in
FIG. 3A and FIG. 3A.

That is, on the tip portion 11B shown in FIG. 4A and FIG.
4A, plural protrusions CP are formed with a prescribed
spacing in the lateral direction of the side surface 101s, such
that the protrusion orientation is perpendicular to that of the
protrusions CP in FIGS. 3A and 3B. In the example shown
in FIG. 4A and FIG. 4B, two protrusions CP are arranged.
The two protrusions CP are arranged with a prescribed
spacing between them in the lateral direction of the side
surface 101s.

FIG. 5A through FIG. 5C are schematic diagrams illus-
trating another example (the second example) of the contact
portion.

FIG. 5A is an enlarged schematic plane view illustrating
the engagement of the protrusions CP of a single contact
portion 11 with side surface 101s of template 100. FIG. 5B
is an enlarged schematic side view illustrating the engage-
ment of the protrusions of the contact portion 11 shown in
FIG. 5A with the side surface 101s of template 11, and FIG.
5C is an enlarged schematic perspective view illustrating the
protrusions of the contact portion 11 shown in FIGS. 5A and
5B.

In the contact portion 11 shown in FIG. 5A through FIG.
5C, plural protrusions CP on the tip portion 11B are arranged
side by side with a prescribed spacing in both the longitu-
dinal direction and lateral direction of the side surface 101s.

In the example shown in FIG. 5A through FIG. 5C, six
protrusions CP are arranged. The six protrusions CP are
arranged side by side, with two arranged with a prescribed
spacing in the lateral direction of the side surface 101s, and
with three arranged with a prescribed spacing in the longi-
tudinal direction of the side surface 101s. Again, the area of



US 9,437,414 B2

7

the end faces of the protrusions CP are symmetric with
respect to the center of the end of the contact portion 11

For the contact portion 11 shown in FIG. 4A through FIG.
5C, effects (1) and (2) can both be realized. Due to effect (1),
it is possible to appropriately correct both the strain and the
magnification for the template 100, so that the precision of
the mapping of the pattern 102 is improved. Also, according
to effect (2), it is possible to limit the amount of foreign
objects that fall on the mapping pattern, which in turn
increases the pattern forming yield.

However, the number and configuration of the protrusions
CP are not limited by these examples.

The shape of the contact surface CS, in addition to being
a rectangular shape, may also be polygonal, round, elliptical,
annular, etc. In addition, there may be two or more sizes of
the various contact surfaces CS.

(Embodiment 2)

FIG. 6A and FIG. 6B are schematic diagrams illustrating
an example of the holding part of the pattern forming device
according to Embodiment 2.

FIG. 6A is a schematic plan view illustrating the holding
part 10 and template 100. FIG. 6B is an enlarged schematic
plan view illustrating a single contact portion 11 with a side
wall 103a of the template 100.

The pattern forming device according to Embodiment 2 is
the same as that of the pattern forming device 110 of
Embodiment 1 (see FIG. 1), except for the constitution of the
holding part 10.

As shown in FIG. 6A, the holding part 10 includes the
contact portion 11 that contacts the template 100. As shown
in FIG. 6B, the contact portion 11 includes the main body
portion 11A that can move forward/backward with respect to
the template 100, and the tip portion 11B arranged on the
main body portion 11A. The tip portion 11B has plural
contact surfaces CS arranged separately from each other.
That is, on the tip portion 11B, plural protrusions, such as
protrusions CP, are arranged, and the tip surface of each of
the protrusions CP becomes the contact surface CS.

As shown in FIG. 6A, a frame portion 103 is arranged on
the outer edge of the template 100. On an outer peripheral
surface 103s of the frame portion 103, concave portions, in
the form of notches or depressions 103a¢ are arranged.
According to the present embodiment, the outer peripheral
surface 1035 of the frame portion 103 corresponds to the side
surface 101s of the body 101 of the template 100.

On the holding part 10, for example, plural contact
portions 11 are arranged around the periphery of the frame
portion 103 set on the outer edge of the template 100. The
contact portions 11 contact the outer peripheral surface 103s
of the frame portion 103. According to the present embodi-
ment, when the template 100 is held by the holding part 10,
the protrusions CP of the tip portion 11B of the contact
portion 11 fit into the recesses 103a arranged around the
outer peripheral surface 103s of the frame portion 103.

In this way, when the template 100 is held by the holding
part 10, because the protrusions CP of the tip portion 11B fit
into the protrusions 103a of the frame portion 103, it is
possible to suppress deviation between the outer peripheral
surface 1035 of the frame portion 103 and the contact portion
11. As a result, when the template 100 is held, friction
between the outer peripheral surface 103s and the contact
portion 11 can be suppressed, and it is thus possible to
realize both of effects (1) and (2) simultaneously.

According to effect (1), the strain and magnification of the
template 100 can be appropriately corrected, which in turn
improves the precision of the pattern 102. In addition,
according to effect (2), it is possible to limit the amount of
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foreign objects that fall on the mapping pattern, which
increases the pattern forming yield.

The shape of the tip portion 11B shown in FIG. 6A and
FIG. 6B is merely an example of the shape of the tip portion
11B shown in FIG. 3A and FIG. 3B. The shape of the tip
portion 11B shown in FIGS. 4A through 5C may also be
adopted. In this case, the protrusions 103a of the frame
portion 103 that fit the shape of the tip portion 11B are
arranged along the outer peripheral surface 103s.

In the example shown in FIG. 6A and FIG. 6B, the frame
portion 103 is arranged on the outer edge of the template
100, and the protrusions 103a are arranged on the frame
portion 103. However, the protrusions 103a may also be
directly formed on the side surface 101s of the body 101 of
the template 100.

(Embodiment 3)

FIG. 7A and FIG. 7B are schematic diagrams illustrating
an example of the holding part of the pattern forming device
according to Embodiment 3.

FIG. 7A is a schematic perspective view illustrating the
holding part 10, and FIG. 7B is an enlarged schematic side
view illustrating one contact portion 11.

The pattern forming device according to Embodiment 3
has the same structure as the pattern forming device 110
according to Embodiment 1 (see FIG. 1), except for the
constitution of the holding part 10.

As shown in FIG. 7A, the holding part 10 includes the
contact portion 11 in contact with the template 100. As
shown in FIG. 7B, the contact portion 11 includes a main
body portion 11A that can move forward/backward with
respect to the template 100, and a tip portion 11C arranged
on the main body portion 11A.

The contact friction between the contact surface CS of the
tip portion 11C and the side surface 101s is lower than the
contact friction in the case where the main body portion 11A
contacts the side surface 101s. For example, a coating of
fluororesin is applied to the tip portion 11C. The fluororesin
is exposed on the contact surface CS.

For example, plural contact portions 11 are arranged on
the holding part 10 to surround the periphery of the template
100. The plural contact portions 11 contact the side surface
1015 of the body 101. According to the present embodiment,
the contact surface CS of the tip portion 11C contacts the
side surface 101s. Because the fluororesin is exposed on the
contact surface CS, the contact friction can be decreased
compared to the case of direct contact between the main
body portion 11A and the side surface 101s.

According to the present embodiment, when the template
100 is held in the holding part 10, it is possible to decrease
the contact friction between the contact portion 11 and the
template 100. This in turn alleviates the problem of foreign
objects generated by friction between the template 100 and
the contact portion 11 falling onto the template. Conse-
quently, it is possible to limit the amount of foreign objects
that fall on the imprinted pattern, which in turn increases the
pattern forming yield.

Coating of the fluororesin, or the like, may also be carried
out on the main body portion 11A, other than the tip portion
11C. In addition to coating of the fluororesin, or the like, it
is also possible to use a material different from the material
of the main body portion 11A as the material for the tip
portion 11C in order to decrease the contact friction of the
tip portion 11C. Moreover, coating of the fluororesin, or the
like, may be carried out a as single-layer coating or multi-
layer coating.
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(Embodiment 4)

The following paragraphs explain the pattern forming
method according to Embodiment 4.

FIG. 8A through FIG. 9C are schematic cross-sectional
views illustrating the pattern forming method according to
Embodiment 4.

FIG. 8A through FIG. 9C illustrate an example of a
manufacturing semiconductor device 300, using the pattern
forming method according to the present embodiment.

First of all, as shown in FIG. 8A, the template 100 is
prepared. Here, the template 100 includes the body 101
having the side surfaces 101s, and the pattern 102 arranged
on the principal surface 101a of the body 101. The body 101
is made of fused silica or some other light transmissive
material. For example, the pattern 102 may be the reverse
image of a resist pattern which is formed on the body 101 by
means of electron beam lithography. With the resist pattern
used as a mask, etching is carried out, so that an embossed
shape is formed for the principal surface 101a of the body
101.

Then, as shown in FIG. 8B, the template 100 is attached
to the holding part 10 of the pattern forming device 110.
Here, any type of holding part 10 explained above may be
adopted. In order to hold the template 100, the contact
portion 11 of the holding part 10 contacts the side surface
101s of the body 101 of the template 100. By applying the
holding part 10 which is explained above, it is possible to
limit the amount of foreign objects that fall off when the
contact portion 11 contacts the side surface 101s.

The substrate 200 is positioned on the stage 20 of the
pattern forming device 110. For example, the substrate 200
may be a semiconductor substrate (silicon wafer or the like).
The substrate 200 may also be prepared by forming a
semiconductor layer on an insulating substrate. Transistors
and other elements may be formed on the substrate 200.

Then, drops of resin 210 as the substance being imprinted
are applied to the substrate 200. Here, the resin 210 may be
a photocuring resin or a thermocuring resin. The resin 210
is ejected from the nozzle N (see FIG. 1) onto the substrate
200.

Then, as shown in FIG. 8C, the template 100 is brought
into contact with the resin 210. The resin 210 is held in this
state until it fills the interior of the pattern 102 of the
template 100 by means of capillary action.

Then, as shown in FIG. 9A, while the template 100 is in
contact with the resin 210, the resin 210 is cured. When the
resin 210 is a photocuring resin, it is cured by being
irradiated with light. For a resin that cures under irradiation
of UV light, UV light is used to irradiate the resin. On the
other hand, when the resin 210 is a thermocuring resin, it is
heated and cured.

Then, as shown in FIG. 9B, after curing of the resin 210,
the template 100 is released from the resin 210. As a result,
an imprinted pattern 211 is embossed by the pattern 102 that
the template 100 formed in the resin 210.

Finally, as shown in FIG. 9C, the film of the resin 210 left
in depressions 211a of the imprinted pattern 211 is removed.
Formation of the imprinted pattern 211 is part of the manu-
facturing process for a semiconductor device 300, because
the imprinted pattern 211 may form a part of the semicon-
ductor device 300. One may also adopt a scheme in which
the imprinted pattern 211 is used as a mask to etch the base
material (substrate 200 or the like) and then removed.

In the manufacturing method, while the template 100 is
held by the holding part 10, the falling off of foreign objects
as a result of contact between the contact portion 11 and the
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template 100 can be suppressed. Consequently, it is possible
to alleviate the problem of foreign objects sticking to the
substrate 200 and the resin 210 arranged beneath the tem-
plate 100. As a result, it is possible to form the imprinted
pattern 211 very precisely and with a high yield, free of
foreign objects.

As explained above, by using the pattern forming device
and the semiconductor device manufacturing method
according to the embodiment, it is possible to increase the
manufacturing yield of the pattern and the semiconductor
device.

While certain embodiments and its modified examples
have been described, these do not limit the present inven-
tion. For example, with respect to the embodiment and its
modified examples, specialists can make appropriate addi-
tions, deletions, changes in design, etc., of the composing
requirements in order to make appropriate combinations of
the various embodiments. As long as the gist of the present
invention is observed, various modifications are also
included in the range of the invention.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:

1. A pattern forming device, which uses a template having
a body with side surfaces, and a pattern arranged on a major
surface of the body and having a plurality of depressions and
a plurality of protrusions formed thereon to map the shape
of the pattern to a resin on a substrate, the pattern forming
device comprising:

a holding portion configured to hold the body and being
positionable adjacent to a major surface of the body
opposite the major surface having the pattern, the
holding portion having at least two independently
moveable contact portions that are positioned and
arranged to engage a side surface of the template
through a contact friction reducing film, each of the at
least two independently moveable contact portions has
at least two protruding portions separated by a gap
there between, and the at least two independently
moveable contact portions are each coupled to an
actuator, and the actuators move the at least two inde-
pendently moveable contact portions relative to the
body.

2. The pattern forming device of claim 1, wherein the

actuator comprises a piezoelectric actuator.

3. The pattern forming device of claim 1, wherein the at
least two protruding portions comprise a plurality of pro-
trusions arrayed symmetrically.

4. The pattern forming device of claim 3, wherein the side
surface of the template includes at least one recess into
which one of the at least two protruding portions may be
received during engagement of the at least two indepen-
dently moveable contact portions and the template.

5. The pattern forming device of claim 1, wherein the
contact friction reducing portion film comprises a fluo-
roresin film formed thereon.
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